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Abstract 

Background: Palliative treatment with the Fontan procedure has greatly improved survival for children with 
functionally univentricular heart. Since Fontan performed the first successful operation, the procedure has evolved 
and is now performed as Total Cavo-Pulmonary Connection (TCPC). 

An increasing prevalence and longer life expectancy of TCPC patients have raised new challenges. The survivors are 
often suffering complications such as arrhythmias, myocardial dysfunction, thromboembolic events, 
neuropsychological deficit, protein-losing enteropathy and reduced exercise capacity. Several causes for the 
reduced exercise capacity may be present e.g. impaired function of the single ventricle, valve dysfunction and 
chronotropic impairment, and perhaps also increased pulmonary vascular resistance. Thus, plasma endothelin-1 has 
been shown to correlate with increased pulmonary vascular resistance and the risk of failing Fontan circulation. This 
has raised the question of the role for pulmonary vasodilation therapy, especially endothelin receptor antagonist in 
the management of TCPC patients. 

Methods/Design: The TEMPO trial aims to investigate whether Bosentan, an endothelin receptor antagonist, can be 
administered safely and improve exercise capacity in TCPC patients. The trial design is randomized, double-blind and 
placebo-controlled. Bosentan/placebo is administered for 14 weeks with control visits every four weeks. The primary 
endpoint is change in maximal oxygen consumption as assessed on bicycle ergometer test. Secondary endpoints 
include changes in pulmonary blood flow during exercise test, pro brain natriuretic peptide and quality of life. 
Discussion: We hypothesize that treatment with Bosentan, an endothelin receptor antagonist, can be administered 
safely and improve exercise capacity in TCPC patients. 

Trial registration: clinicaltrials.gov NCT01 292551 

Keywords: Univentricular heart, Fontan, Exercise capacity, Endothelin receptor antagonist, Randomized 
placebo-controlled trial 



Background 

Functionally univentricular hearts (UVH) include congeni- 
tal defects with hypoplasia of either the right or the left 
ventricle, which, as a consequence, cannot drive a pulmon- 
ary or systemic circulation alone. The natural history of 
UVH is poor with reported one-year survival rates less 
than 50% [1]. Introduction of palliative surgical treatment 
by Fontan in 1971 [2] has dramatically improved survival. 
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The technique has evolved [3,4] and is currently performed 
as Total Cavo-Pulmonary Connection (TCPC). Although 
the procedure remains palliative rather than curative, the 
10-year survival rate post-surgery increased from 50% in 
the first Fontan patients to 90% currently [5-7]. 

The complete TCPC is typically carried out in three 
stages. Generally, the first stage is undertaken in the 
neonatal period and aims at regulating the pulmonary 
blood flow to an adequate level, either by reducing or in- 
creasing pulmonary flow using a pulmonary banding or a 
shunt, respectively, but also securing that systemic perfu- 
sion and mixing remains unobstructed. The second stage 
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is the bidirectional Glenn procedure, where the superior 
vena cava is anastomosed to the pulmonary artery. In the 
third stage, the TCPC circulation is established by divert- 
ing the inferior vena cava to the pulmonary artery, thus 
allowing almost complete systemic venous bypass of the 
heart. The second and third stages are usually performed 
between six months and three years of age. 

The prevalence of TCPC patients has steadily increased 
over the past decades. A recent Danish population- 
based study found 43 surviving UVH patients per mil- 
lion inhabitants, 37 of whom were palliated with 
Fontan/TCPC [8]. Despite improved survival, TCPC is 
still associated with high morbidity. Myocardial dys- 
function, arrhythmias, thromboembolic events, neuro- 
psychological deficits, protein-losing enteropathy, and 
reduced exercise capacity are among the most com- 
monly reported long-term complications [9-12]. 

In the TCPC, pulmonary flow is driven without sup- 
port from a sub-pulmonary ventricle. Thus, even a slight 
increase in pulmonary vascular resistance (PVR) may 
compromise the pulmonary circulation which in turn 
may result in decreased preload of the ventricle, limiting 
cardiac output (CO) and exercise tolerance [13,14]. An 
increased pulmonary blood flow prior the Glenn anasto- 
mosis may contribute the elevated PVR in some patients. 
Furthermore, the non-pulsatile pulmonary blood-flow 
following the TCPC procedure may also increase PVR 
through remodeling, as shown in an animal model [15]. 
This is supported by the fact that raised levels of the po- 
tent vasoconstrictor endothelin-1 correlate with in- 
creased PVR and failure of the Fontan circulation 
[11,16]. Furthermore, endothelin-1 is elevated in many 
UVH patients before surgical palliation [17]. This raises 
the question whether pulmonary vasodilators may have 
a role in the treatment of this patient group. 

Endothelin receptor antagonists (ERA) not only have 
an immediate vasodilating effect on the pulmonary vas- 
culature, but also a long term effect in its inhibition of 
the structural remodeling of the pulmonary microcircu- 
lation, thus theoretically improving exercise capacity in 
patients with TCPC circulation. Accordingly, small stud- 
ies have shown that oral treatment with pulmonary va- 
sodilators, including ERAs improves hemodynamics and 
exercise capacity after TCPC operation [18-21]. 

The TEMPO trial is a randomized, placebo-controlled 
and double-blinded study. The aim is to investigate 
whether Bosentan, an ERA, can improve exercise cap- 
acity and is safe to administer to TCPC patients. 

Methods/Design 

Participants 

The participants are recruited among all registered TCPC 
patients over 12 years of age from the four participating ter- 
tiary centers; two Danish centers; Copenhagen University 



Hospital, Rigshospitalet and Aarhus University Hospital, 
Skejby and two Swedish centers; Karolinska Institutet in 
Stockholm and Lund University Hospital. Subjects who 
fulfill the inclusion criteria and do not meet any exclusion 
criteria (Table 1) are contacted, aiming for 78 participants. 
All participants receive written and oral information in 
their own language, and sign an informed consent form 
before enrollment. 

Demographic and diagnostic data as well as blood 
samples are recorded at baseline (Table 2). 

Endpoints 

Endpoints are given in Table 3. Maximal oxygen con- 
sumption (peakV02), pulmonary blood flow, oxygen 
consumption at anaerobic threshold (V0 2 [AT]) and 
maximal work load are all calculated from results of a 
bicycle ergometer test, performed at Institute of Sports 
Medicine Copenhagen, as described below. Blood sam- 
ples and SF36 quality of life questionnaire are obtained 
at the baseline and endpoint visits. NYHA class is deter- 
mined before the bicycle test. Fecal samples for a-1 
antitrypsin are collected by the participant at home and 
subsequently sent in a provided envelope for analysis. It 
is optional for participants to partake in this endpoint. 

Bicycle ergometer test 

The primary endpoint is improvement in peakV0 2 (ml/ 
min and ml/min/kg body weight) obtained during a bicycle 
ergometer test. All tests are performed on the same equip- 
ment (Monark Ergomedic 839E, Monark Exercise AB, 

Table 1 In /exclusion criteria 

Inclusion criteria 

■ Fontan/TCPC operated 

• Expected clinical stability > 3 months, evaluated by investigator from 
clinical record 

Exclusion criteria 

■ Age < 1 2 years 

■ Severe heart failure (NYHA-class IV) 

■ Oxygen saturation < 85% at rest 

• Pre-existing liver condition (transaminases 2x > upper reference limit) 

• Renal failure (creatinin > 150 mmol/l) 

• Restrictive Fontan circuit 

■ History of work induced severe arrhythmia 

• Systolic blood pressure below 80% of reference (< 88 mmHg) 

■ Use of any of following drugs: Fluconazole, Ketoconazole, 
CyclosporineA, Lopinavir, Ritonavir, Rifampicin, Carbamazepine and 
Phenytoin 

■ Severe extra-cardiac condition e.g. neurological impairment 

■ For women: Positive HCG or no use of contraception* 

• History of low compliance 

TCPC: Total Cavo-Pulmonary Connection, NYHA: New York Heart Association, 
HCG: Human Chorionic Gonadotropin, *: contraception includes celibacy. 
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Table 2 Baseline data 



Demographic and diagnostic 



Gender 


Male/female 


Age 


Years 


Ventricular anatomy 


Right/left/mixed 


Basic diagnosis 




Patent fenestration 


Yes/no 


Current medication 




Blood sample 


Stool sample 


Liver enzymes 


Fecal a1 -antitrypsin 


Albumin 




Protein 




Pro-Brain Natriuretic Peptide 




C-terminal proendothelin-1 





Sweden), at the same site and with the same staff present. 
An individualized incremental protocol is chosen for each 
patient, with the purpose of reaching maximal effort within 
6-12 minutes. All participants start with one to two mi- 
nutes warm-up. After this, the test protocol starts at either 
20 Watt increasing stepwise 20 Watt/min or starting at 25 
Watt increasing 25 Watt/min. Before each test the flow- 
meter and gas analyzer are calibrated. During the test elec- 
trocardiography and percutaneous oxygen saturation are 
measured continuously. The participants wear a mask with 
a TripleV flow-meter (Erich Jaeger GmbH, Germany) to 
measure respiration volume, and a tube for breath-by- 
breath sampling to measure 0 2 and C0 2 concentrations 
via Masterscreen CPX (CareFusion, San Diego, CA, USA). 
All measures are given as the average over 15 seconds in- 
tervals subtracting the highest and lowest value. Pulmonary 
blood flow is calculated continuously by the test software 
using the Stringer- Wassermann method [22]. Only partici- 
pants without patent fenestration of the TCPC tunnel are 
considered for this endpoint. 

Table 3 Endpoints 

Primary endpoint 

• peakVC>2 (ml/min, ml/min/kg body weight) 
Secondary endpoints 

• V0 2 (AT) (ml/min) 

• Maximal load (Watt) 

• Pulmonary blood flow (by Stringer-Wassermann method) 

• NYHA class 

• SF36 quality of life questionnaire 

• proBNP (pmol/l) 

• Fecal a1 -antitrypsin (g/kg) 

PeakV02: maximal oxygen consumption in test, V0 2 (AT): oxygen consumption 
at anaerobic threshold, NYHA: New York Heart Association, proBNP: pro-Brain 
Natriuretic Peptide. 



The principal investigator is present at all tests to mo- 
tivate patients to reach maximal effort in both pre- and 
post-treatment tests. Furthermore, Respiratory Exchange 
Ratio (RER) is measured, and a value of >1.1 is consid- 
ered acceptable as an indicator of maximal effort. Pa- 
tients who are unable to reach RER >1.1 in either the 
pre- or post-treatment test will not be considered in the 
statistical analysis for the primary endpoint. PeakV02 is 
defined as the 15 second interval with the highest value 
of V0 2 . 

Anaerobic threshold is defined as the first 15 second 
interval where the average RER passes the value 1.0 
without falling below 1.0 later [23]. 

It is considered unnecessary to make the participants 
undergo a "dummy test" before enrollment since pa- 
tients in the Scandinavian countries are familiar with bi- 
cycles, and exercise testing is frequently used in the 
clinical follow-up of TCPC patients. Furthermore, this 
was confirmed in a recent feasibility study where six 
Danish patients with congenital heart disease and one 
healthy adolescent were tested twice within six weeks, 
demonstrating excellent reproducibility, with an intra- 
class correlation coefficient of 0.99 [24]. 

Trial design 

The trial is a randomized, double-blinded, placebo- 
controlled clinical trial. Patients with TCPC palliated 
UVH, are eligible for enrollment. Participants are ran- 
domized 1:1 to parallel groups of treatment or placebo 
(Figure 1). The Bosentan dose regimen is the same as 
used in patients with pulmonary arterial hypertension 
[25]. Participants receive oral placebo or Bosentan 62.5 
mg b.i.d. for two weeks followed by 125 mg b.i.d. for 12 
weeks. For patients with a body weight below 35 kg, the 
dose is halved i.e. 31.25 mg b.i.d. for two weeks and 62.5 
mg b.i.d. for 12 weeks. 

Medication/Randomization 

At enrollment participants receive a package with four 
glasses each containing 70 tablets; one with placebo or 
Bosentan 62.5 mg tablets for the first two weeks, and 
three with placebo or Bosentan 125 mg for the 
remaining 12 weeks. The study medication is delivered 
by Actelion Pharmaceuticals packed, labeled and num- 
bered. The packages are randomized when received by 
the investigators. Randomization is done via a comput- 
erized model, and only the manufacturer knows the 
randomization status. 

At each visit the remaining tablets are counted to con- 
trol compliance. Patients who take at least 80% of the 
intended tablets are defined as "per protocol" whereas 
the rest are counted as "intention to treat". 
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Fontan/TCPC patients 
N=78 



Exercise test 



Randomization 

1:1 



Bosentan 62.5 mg bid. 
2 weeks. N=39 



Cont. Bosentan 125 mg b.i.d. 
12 weeks 



Exercise test 



Figure 1 Study design. 

b.i.d.: twice daily, Cont: continue. 



Placebo b.i.d. 
2 weeks. N=39 



Cont. placebo b.i.d. 
12 weeks 



Safety/visits 

During the study, participants will have a total of five 
visits (Table 4), three of which are intermediary controls 
to ensure safety. All tests at the baseline and final visit 
are performed in Copenhagen, whereas the first inter- 
mediary visit after two weeks must take place in one of 



the four participating tertiary centers. Control visits may 
take place at a local hospital or at the general practitioner's 
office, in case this is more convenient to the participant. 

When starting medication at baseline and when in- 
creasing the dose after two weeks a special safety meas- 
ure is taken. Each participant has blood pressure, heart 



Table 4 Visits 



Visit/week 


Baseline 


Increase medication Safety visit 


Safety visit 


Endpoint 


Place 


Cph 


Tertiary 


Local 


Local 


Cph 


Time window 


Day 0 


Day 10-18 


Day 35-49 


Day 63-77 


Day 91-105 


Bosentan dose after visit 


62.5 mg x 2 




125 mg x 2 




None 


InVexclusion criteria, informed consent 


X 










Exercise test, SF36 q.o.L, ct1-AT 


X 








X 


Blood pressure, heart rate, SAT 


X 


X 


X 


X 


X 


Blood pressure/hypotension control 


X 


X 








Compliance control and adverse effects 




X 


X 


X 


X 


CT-proET-1, IgA, IgG, Pro-BNP, albumin, protein, LDH 


X 








X 


ALAT, ASAT, bilirubin, creatinine, PCV, Hb, thrombocytes, (women) HCG 


X 


X 


X 


X 


X 



Cph: Copenhagen University Hospital, Rigshospitalet, Tertiary: Any of the four participating tertiary centers. Local: Local hospital including tertiary center or 
general practitioners office, SF36 q.o.L: SF36 quality of life questionnaire, a1-AT: fecal a1 -antitrypsin, SAT: transcutaneous oxygen saturation, CT-proET-1: C-terminal 
proendothelin-1, IgA-G: Immunoglobulin A-G, Pro-BNP: Pro-Brain Natriuretic Peptide, LDH: Lactate dehydrogenase, ALAT/ASAT: Alanine-/aspartate 
aminotransferase, PCV: Packed cell volume/hematocrit, Hb: Hemoglobin, HCG: Human chorionic gonadotropin. 
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rate and percutaneous oxygen saturation measured before 
the medication is given. Blood pressure is then measured 
one and two hours after the medication is administered. If 
symptoms of hypotension and a decrease in systolic blood 
pressure over 20% are seen, the participant will be evalu- 
ated by clinical experts and possibly excluded. 

Female participants are advised about contraception 
methods, and encouraged to contact the study group 
with any suspicion of pregnancy. At every visit s-hCG is 
measured. 

In case of serious adverse events the medication is 
stopped and the patient is excluded. Moreover, adverse 
events (Table 5) lead to exclusion of the study or con- 
tinuation at a lower dose of medication. 

Sample size calculation 

Average peakV0 2 in adult TCPC patients is approxi- 
mately 20 ml/kg/min [10]. Assuming that 14 weeks 
treatment with Bosentan compared to placebo will 
increase in the primary endpoint peakV0 2 by 20%, an 
increase of 4 ml/kg/min is expected. 

The standard deviation (SD) of a single measurement of 
maximal VO2 in TCPC adults is reported to range from 
2.5 to 5.8 ml/kg/min [10,18]. Thus, a weighted mean SD 
of 4.3 ml/kg/min is used in the calculations in this study. 

The intra-patient correlation is assumed to be 0.5, and 
the required power is 90% at a significance level of 95%. 
With a paired f-test, the number needed in each group 
is 24. Exclusion due to elevated liver enzymes is 
expected in 5%, low medication compliance in 15%, 
whereas drop-outs are expected in 33% of the partici- 
pants. Thus, 39 patients will be included in each group. 

Discussion 

Surgical and medical advances in recent decades have 
improved the survival of children born with UVH; 
hence, we can expect a higher prevalence and an in- 
creasing age of patients palliated with TCPC in the 



Table 5 Safety measures 


Observation 


Action 


Systolic blood pressure < 80 mmHg 


Exclusion 


Hemoglobin < 6.5 mmol/I 


Exclusion 


> 10% decrease in oxygen saturation 


Exclusion 


> 10% decrease in packed cell volume 


Exclusion 


> 10% decrease in thrombocytes 


Exclusion 


Two times increase in bilirubin* 


Exclusion 


Liver transaminases 3-5 times 


Continue in study at 


reference limit 


half dose of medication 


Liver transaminases >5 times reference limit 


Exclusion 



*ln patients with bilirubin at baseline within the reference limits an increase to 
2 x upper reference limit leads to exclusion; if bilirubin is already over 
reference limit at baseline, a bilirubin increase to 2 x the baseline value leads 
to exclusion. 



future. When older, impaired exercise capacity may be 
an important long-term complication in TCPC patients. 
The TEMPO study hypothesizes that the ERA Bosentan 
partly may counteract this effect, particularly considering 
the finding of high plasma levels of endothelin-1 in 
UVH and TCPC palliated patients. 

Current evidence is pointing toward the lack of pre- 
load reserve as the most important factor in limiting CO 
in TCPC patients [13,14]. In the healthy biventricular in- 
dividual, the CO is readily increased with a reduction in 
afterload, augmentation of ventricular contractility or in- 
crease in heart rate. The effect of these factors is 
dependent on an abundant preload reserve, in the ab- 
sence of which CO increase would suffer. In the Fontan 
circulation there is limited preload reserve due to the 
passive pulmonary flow. In a ramp exercise test, an in- 
crease in heart rate will reflect positively on CO as long 
as the preload is kept intact. Since this may not be the 
fact in a TCPC circulation, any further increase in heart 
rate will more likely decrease the stroke volume. The 
lowering of PVR may increase pulmonary blood flow 
and thereby preload reserve in Fontan patients, and due 
to this pulmonary vasodilating therapy is interesting as a 
means to improve the Fontan circulation. The limited pre- 
load reserve is most likely to stem from PVR in the "healthy 
Fontans", but in cases where the Fontan conduit itself is re- 
strictive, lowering the PVR would not be effective. As a 
consequence, patients with documented restrictive Fontan 
circuit on prior imaging are excluded from this study. 

Pulmonary vasodilation therapy in the form of Sildena- 
fil was previously evaluated in a placebo-controlled trial 
with TCPC patients both by Giardini et al. [18] and 
Goldberg et al. [26] showing an increase in peakV0 2 and 
ventilatory efficiency, respectively. An open-label study 
on the effect of ERA in TCPC patients showed no effect 
on peakV0 2 [27]; however, the study population was 
relatively small with only 32 patients finishing with end- 
point. Furthermore, the safety of ERA treatment to 
TCPC patients has recently been evaluated in an open- 
label pilot study [28]. Thus, the TEMPO-study is the 
first randomized, placebo-controlled study to evaluate 
the safety and effect of ERA on peakV0 2 in a TCPC 
population. 

The primary endpoint of this trial is peakV0 2 ; a test 
that is notoriously difficult to reproduce reliably, partly 
due to the fact that tests are often performed on differ- 
ent equipment, with different staff present, and with dif- 
ferent levels of motivation. The quality of the primary 
endpoint data is of utmost importance, and testing all 
patients at the same location, with the same equipment 
and staff should secure the highest level of inter-test 
reliability. 

In order to get a better understanding of the effect or 
lack of effect of ERA on the Fontan circulation, this 
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study uses the non-invasive estimate of CO during exer- 
cise proposed by Wassermann et al. [22]. Though 
proven very reliable in healthy individuals as well as in 
patients with chronic heart failure [29,30], this method 
has to the investigators' knowledge not yet been vali- 
dated in Fontan patients. However, considering the na- 
ture of the method it is quite sane to assume that it will 
be as accurate and precise in Fontan patients as it is in 
chronic heart failure and healthy individuals. 

The method is based on the fact that the differ- 
ence in blood O2 content from arterial to mixed 
venous (C[a-vD0 2 ]) develops linearly in relation to 
change in oxygen consumption (VO2) from rest (0%) to 
maximum uptake (100%) by the following regression line: 

C(a-vD 0l ) = 5.72 + 0.105 * %Vo 2max ] r = 0.94 

V0 2 is measured continuously, so CO can be calcu- 
lated using the direct Fick method: 



C(a-vD 02 ) 

In Fontan patients without significant shunts, virtually 
all the blood passes through the pulmonary circulation, 
as is the case in a biventricular circulation without 
shunts. None of the assumptions of the method are vio- 
lated in the Fontan circulation without shunts. 

Ethical considerations 

The Danish Ethics Committee, the Danish Medicines 
Agency, and the Danish Board for Data Protection ap- 
prove the study. The Swedish Ethics Committee are in- 
formed about the study, and agree with the Danish 
Committee without making a separate approval, as all 
the endpoint tests are done in Denmark and the medi- 
cine is delivered to the patients in Denmark. This means 
that the study takes place in Denmark only, but with 
Swedish patients participating under the Danish laws of 
patient rights and under Danish insurance. 

Monitoring 

The study complies with the standards of Good Clinical 
Practice ICH-GCP. The GCP unit of Copenhagen moni- 
tors all aspects of the study according to the guidelines 
of ICH-GCP including initiation visit, planned inter- 
mediary control visits and end-of-study visit. Further- 
more they can make visits unannounced if need be. 
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UVH: Univentricular heart; TCPC: Total cavo-pulmonary connection; 
PVR: Pulmonary vascular resistance; CO: Cardiac output; ERA: Endothelin 
receptor antagonist; V0 2 : Oxygen consumption; AT: Anaerobic threshold; 
NYHA: New York Heart Association; RER: Respiratory exchange ratio; bid: Bis 
in die (twice daily); s-hCG: Serum human chorionic gonadotropin; 
SD: Standard deviation. 



Competing interests 

Actelion Pharmaceuticals has produced and provided the study medication 
and also supports the trial with an unrestricted grant. None of the authors 
have any interest in Actelion Pharmaceuticals. Actelion Pharmaceuticals 
neither has any ownership over the obtained data, nor any involvement in 
data processing or writing of the final report. 

Authors' contribution 

AH: Wrote the protocol, contacted eligible participants, conducted interviews 
and tests of all participants at baseline and endpoint and did the statistical 
analyses. Also wrote the manuscript. ASJ: Helped writing the protocol and 
articles and has provided academic support. LI: Helped by providing contact 
information and baseline characteristics in all eligible patients from Denmark 
and has provided academic support. KS: Helped recruiting participants and 
conducted the intermediary visits in all participants from West Denmark. LS: 
Conceived of the study, and participated in its design and coordination and 
helped to draft the protocol and manuscript. All authors read and approved 
the final manuscript. 

Acknowledgements 

The authors wish to thank the following: 

Institute of Sports Medicine in Copenhagen for their support in exercise 
testing. The Good Clinical Practice unit of Copenhagen for their help with 
monitoring all phases of the study. 

Physicians and nurses in Copenhagen University Hospital, Rigshospitalet; 
Aarhus University Hospital, Skejby; Karolinska Institutet in Stockholm and 
Lund University Hospital who have been an invaluable help in recruiting 
patients as well as arranging and carrying out control visits. 

Author details 

1 Department of Cardiology, dep. 2014, Copenhagen University Hospital, 
Rigshospitalet, Blegdamsvej 9, 2100, Copenhagen, Denmark, department of 
Cardiology, Aarhus University Hospital, Skejby, Brendstrupgaardsvej 100, 8200, 
Aarhus N, Denmark. 

Received: 28 November 2012 Accepted: 2 May 2013 
Published: 11 May 2013 

References 

1. Samanek (vl: Children with congenital heart disease: probability of natural 
survival. Pediatr Cardiol 1992, 13:152-158. 

2. Fontan F, Baudet E: Surgical repair of tricuspid atresia. Thorax 1971, 
26:240-248. 

3. De Leval MR: The Fontan circulation: a challenge to William Harvey? Nat 

Clin Pract Cardiovasc Med 2005, 2:202-208. 

4. Gewillig M: The Fontan circulation. Heart 2005, 91:839-846. 

5. Hosein RBM, Clarke AJB, McGuirk SP, Griselli M, Stumper O, De 
Giovanni JV, Barron DJ, Brawn WJ: Factors influencing early and 
late outcome following the Fontan procedure in the current era. 
The [']Two Commandments'? Eur J Cardio-Thoracic Surg 2007, 
31:344-353. 

6. Ono M, Boethig D, Goerler H, Lange M, Westhoff-Bleck M, Breymann T: 
Clinical outcome of patients 20 years after Fontan operation-effect 
of fenestration on late morbidity. Eur J Cardiothorac Surg 2006, 
30:923-929. 

7. McGuirk SP, Winlaw DS, Langley SM, Stumper OF, De Giovanni JV, Wright 
JG, Brawn WJ, Barron DJ: The impact of ventricular morphology on 
midterm outcome following completion total cavopulmonary 
connection. Eur J Cardiothorac Surg 2003, 24:37-46. 

8. Idorn L, Olsen M, Jensen AS, Juul K, Reimers Jl, S0rensen K, Johnsen SP, 
S0ndergaard L: Univentricular hearts in Denmark 1977 to 2009: Incidence 
and survival. Int J Cardiol 2012. [Epub] 

9. Ostrow AM, Freeze H, Rychik J: Protein-losing enteropathy after fontan 
operation: investigations into possible pathophysiologic mechanisms. 
Ann Thorac Surg 2006, 82:695-700. 

10. Diller G-P, Dimopoulos K, Okonko D, Li W, Babu-Narayan SV, Broberg CS, 
Johansson B, Bouzas B, Mullen MJ, Poole-Wilson PA, Francis DP, Gatzoulis 
MA: Exercise Intolerance in Adult Congenital Heart Disease: 
Comparative Severity, Correlates, and Prognostic Implication. 
Circulation 2005, 1 12:828-835. 



Hebert et al. BMC Cardiovascular Disorders 2013, 13:36 
http://www.biomedcentral.com/1471-2261/13/36 



Page 7 of 7 



12. 



13 



14 



Id 



17 



19 



D' Udekem Y, Cheung MMH, Setyapranata S, Iyengar AJ, Kelly P, 
Buckland N, Grlgg LE, Welntraub RG, Vance A, Brizard CP, Penny DJ: 
How Good Is a Good Fontan? Quality of Life and Exercise Capacity 
of Fontans Without Arrhythmias. Ann Thoracic Surg 2009, 
88:1961-1969. 

Parldon SM, Mitchell PD, Colan SD, Williams RV, Blaufox A, Li JS, Margosslan 
R, Mital S, Russell J, Rhodes J: A Cross-Sectional Study of Exercise 
Performance During the First 2 Decades of Life After the Fontan 
Operation. J Am Coll Cardiol 2008, 52:99-1 07. 
La Gerche A, Gewilllg M: What Limits Cardiac Performance during 
Exercise in Normal Subjects and in Healthy Fontan Patients? Int J Pediatr 
2010,2010:1-8. 

Gewlllig M, Brown SC, Eyskens B, Heying R, Ganame J, Budts W, Gerche AL, 
Gorenflo M: The Fontan circulation: who controls cardiac output? Interact 
Cardiovasc Thoracic Surg 2009, 10:428-433. 

Zongtao Y, Huishan W, Zengwei W, Hongyu Z, Minhua F, Xlnmln L, Nanbin 
Z, Hongguang H: Experimental Study of Nonpulsatile Flow Perfusion and 
Structural Remodeling of Pulmonary Microcirculation Vessels. Thoracic 
Cardiovascul Surg 2010, 58:468-472. 

Yamagishi M, Kurosawa H, Hashimoto K, Nomura K, Kitamura N: The role of 
plasma endothelin in the Fontan circulation. J Cardiovasc Surg (Torino) 
2002, 43:793-797. 

Natarajan S, Heiss C, Yeghiazarians Y, Fineman JR, Teitel DF, Tacy TA: 
Peripheral arterial function in infants and young children with 
one-ventricle physiology and hypoxemia. Am J Cardiol 2009, 
103:862-866. 

Giardini A, Balducci A, Specchia S, Gargiulo G, Bonvlcinl M, Picchio FM: 
Effect of sildenafil on haemodynamic response to exercise and exercise 
capacity in Fontan patients. Eur Heart J 2008, 29:1681-1687. 
Ovaert C, Thijs D, Dewolf D, Ottenkamp J, Dessy H, Moons P, Gewillig M, 
Mertens L: The effect of bosentan in patients with a failing Fontan 
circulation. Cardiol Young 2009:1-9. 

20. Beghetti (VI: Fontan and the pulmonary circulation: a potential role for 
new pulmonary hypertension therapies. Heart 2010, 96:91 1-916. 

21, Uzun O, Wong JK, Bhole V, Stumper O: Resolution of protein-losing 
enteropathy and normalization of mesenteric Doppler flow with 
sildenafil after Fontan. Ann Thorac Surg 2006, 82:e39-40. 
Stringer WW, Hansen JE, Wasserman K: Cardiac output estimated 
noninvasively from oxygen uptake during exercise. J Appl Physiol 1 997, 
82:908-912. 

Thomas V, Costes F, Chatagnon M, Poullly J-P, Busso T: A comparison of 
lactate indices during ramp exercise using modelling techniques and 
conventional methods. J Sports Sci 2008, 26:1387-1395. 
Klausen SH, Mikkelsen UR, Hirth A, Wetterslev J, Kjaergaard H, 
Sondergaard L, Andersen LL: Design and rationale for the PREVAIL 
study: Effect of e-Health individually tailored encouragements to 
physical exercise on aerobic fitness among adolescents with 
congenital heart disease — a randomized clinical trial. Am Heart J 201 2, 
163:549-556. 

McLaughlin W, Archer SL, Badesch DB, Barst RJ, Farber HW, Lindner JR, 
Mathier MA, McGoon MD, Park MH, Rosenson RS, Rubin U, Tapson VF, 
Varga J: ACCF/AHA 2009 Expert Consensus Document on Pulmonary 
Hypertension: A Report of the American College of Cardiology 
Foundation Task Force on Expert Consensus Documents and the 
American Heart Association Developed in Collaboration With the 
American College of Chest Physicians; American Thoracic Society, Inc.; 
and the Pulmonary Hypertension Association. J Am Coll Cardiol 2009, 
53:1573-1619. 

Goldberg DJ, French B, McBride MG, Marino BS, Mirarchi N, Hanna BD, 
Wernovsky G, Paridon SM, Rychik J: Impact of Oral Sildenafil on Exercise 
Performance in Children and Young Adults After the Fontan Operation: 
A Randomized, Double-Blind, Placebo-Controlled, Crossover Trial. 

Circulation 2011, 123:1185-1193. 

Schuuring MJ, Vis JC, Van Dijk APJ, Van Melle JP, Vliegen HW, Pieper PG, 
Sieswerda GT, De Bruin-Bon RHACM, Mulder BJM, Bouma BJ: Impact of 
bosentan on exercise capacity in adults after the Fontan procedure: a 
randomized controlled trial. Eur J Heart Fail 2013. [Epub] 
Bowater SE, Weaver RA, Thorne SA, Clift PF: The Safety and Effects of 
Bosentan in Patients with a Fontan Circulation. Congenital Heart Disease 
2012, 7:243-249. 



22. 



23 



24 



25 



26. 



27. 



29. 



30. 



Sullivan MJ, Knight JD, Higginbotham MB, Cobb FR: Relation between 
central and peripheral hemodynamics during exercise in patients with 
chronic heart failure. Muscle blood flow is reduced with maintenance of 
arterial perfusion pressure. Circulation 1989, 80:769-781. 
Weber KT, Janicki JS: Cardiopulmonary exercise testing for evaluation of 
chronic cardiac failure. Am J Cardiol 1985, 55:22A-31A. 



doi:1 0.1 1 86/1 471-2261-1 3-36 

Cite this article as: Hebert ef al:. The effect of Bosentan on exercise 
capacity in Fontan patients; rationale and design for the TEMPO study. 

BMC Cardiovascular Disorders 2013 13:36. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www. biomedcentra I .com/su bmit 



o 



BioMed Central 



